Background: Effects of cognitive fatigue have been widely studied in operational settings and in working populations. Less is known about the effects of cognitive fatigue on the well-being and academic attainment of university students and the present study aimed to provide information on this topic. Methodology: The study was carried out with the approval of the Ethics Committee, School of Psychology, Cardiff University, and with the informed consent of the volunteers. It was carried out in December and January and participants completed an online survey presented using the Qualtrics package and gave consent for access to their coursework and examination marks. Students completed an online version of the Student Well-being Process Questionnaire. This measured both positive aspects of well-being (happiness, life satisfaction and positive affect) and negative aspects (stress, anxiety, depression and negative affect). It also measured established predictors of wellbeing (personality, social support, stressors and coping) which were controlled for in the analyses. Grade Point Average scores were also available for the participants and again established predictors of these (previous academic attainment; conscientiousness) were also recorded. Mental fatigue was measured using a single question with a 10-point rating scale. Three hundred and thirteen students completed the study.
INTRODUCTION
There has been substantial research on the effects of cognitive fatigue on performance in the laboratory, in operational settings and at work [1, 2] . Similarly, it is well established that acute fatigue can be associated with a negative mood and that chronic fatigue can lead to mental and physical health problems. In contrast to this, there has been little research on fatigue and the academic attainment and wellbeing of students. The main aim of the present study was to provide information on this topic using a multi-variate approach designed to eliminate the influence of confounding factors.
A literature search using Pubmed and Psychinfo revealed very few specific studies on fatigue and the wellbeing of university students. Many of the studies of fatigue and wellbeing focused on sleep problems [3, 4, 5, 6] . Other research considered fatigue in a stress framework [7, 8, 9, 10 ,11] and have investigated psychosocial factors such as emotional intelligence [12] , social support [13] , compassion [14] , coping styles [11] and healthrelated behaviours [8, 15] . The two obvious major weaknesses with all of these studies is that they failed to conceptualise wellbeing appropriately (e.g. considering both positive and negative aspects, [16] ) and did not adjust for factors known to influence wellbeing [17] . The present study aimed to eliminate the problems of the prior research.
The literature research also showed that there have been few studies of fatigue and the academic attainment of university students. Again, research has focused on sleep problems and academic attainment [18, 19, 20] and often reported that sleep disorders impact on academic attainment. However, not all studies have found an association between fatigue and attainment; some report no effect [21, 22] whereas others only report an association for certain sub-groups (e.g. females only - [23] ). Other research has considered fatigue as a stressor and shown that only certain components influence attainment (e.g. poor concentration - [24] ). Studies of younger students (elementary and junior high school pupils) have shown that fatigue influences the development of cognitive functions [25] . For example, slower motor processing was associated with the prevalence of fatigue in elementary students and decreases in working memory and divided attention were positively correlated with the prevalence of fatigue in the junior high school group. The development of cognitive functions and study skills will influence attainment and the results with younger children provide a plausible mechanism for an association between fatigue and academic performance.
The present study was based on a recent conceptualisation of wellbeing (see [26] , for more detail). The starting point for our approach to wellbeing has been based on the DemandsResources-Individual Effects model [27] which has also been applied to fatigue [28, 29] . The model has both positive and negative variables starting with circumstances (demands; resources), then appraisals (stress; satisfaction) and outcomes (negative affect; positive affect). The model is flexible and has established predictors but allows for the inclusion of new variables. In the present study, the established predictors of wellbeing were: stressors, social support, positive personality (optimism/selfefficacy/self-esteem) and coping. These items were measured using the student wellbeing process questionnaire [30] which is a short measuring instrument that has been validated by correlating individual questions with longer established scales [31, 32, 33] . A single item mental fatigue question was developed using a similar procedure and was shown to be highly correlated (0.82) with the mental fatigue scale of the multidimensional fatigue inventory [34] . The wellbeing score was based on both negative outcomes (anxiety, depression and stress) and positive outcomes (happiness, positive affect and life satisfaction). Research [26] has also investigated whether the WPQ predictors were associated with cognitive function (cognitive failures and amount of work done). Cognitive problems were predicted by high stressor and negative coping scores, and by low scores of positive personality and conscientiousness. This suggests that these predictors may also be associated with academic attainment and perceptions of studying efficiency. Academic attainment is usually assessed using a grade point average and this was done here. Cognitions related to studying include perceptions of workload, stress related to the course and perceptions of efficiency of working. These domains were also measured in the present study.
In summary, the aim of the present study was to examine associations between mental fatigue and wellbeing/academic attainment. The study also controlled for the influence of established predictors of wellbeing and attainment by conducting multi-variate analyses.
MATERIALS AND METHODS

Participants
The study was carried out with the approval of the Ethics Committee, School of Psychology, Cardiff University, and with the informed consent of the volunteers. The participants were 313 first and second year undergraduate Psychology students at Cardiff University (88.7% female; mean age: 19.5 years; age range: 18-41 years) who received course credits for their participation (students from other years were not required to participate in research studies). At the end of the questionnaire volunteers were shown a debrief statement and were awarded course credits for participating. The study was carried out in December and January and participants completed an online survey presented using the Qualtrics package and gave consent for access to their coursework and examination marks.
Wellbeing
The actual questions used are shown in Appendix 1. 
Academic Attainment
The academic attainment score was the grade point average (GPA) based on the coursework and examination scores for that semester. In addition, perceptions of stress caused by university work, perceived workload and efficiency of studying, were also recorded to provide an indication of study related cognitions.
RESULTS AND DISCUSSION
The mental fatigue scores and the established predictors were entered into regressions with the overall wellbeing score, GPA, course stress and studying efficiency as the outcomes. Participants from years 1 and 2 showed similar levels of wellbeing, attainment and similar associations with predictors. Their data are, therefore, combined in the following analyses.
Wellbeing
The output from the regression is shown in Table  1 .
This analysis showed that the established predictors of wellbeing (stressors, social support and positive personality) had the usual significant effect. Mental fatigue was also associated with greater negative wellbeing and was the strongest predictor. The key feature of this analysis was that there was a significant effect of fatigue even when the established predictors were controlled.
Grade Point Average
The output from this regression is shown in Table  2 .
Again, the established predictors of academic attainment (stress; conscientiousness) had a significant effect. Mental fatigue was associated with lower GPA scores and this effect was significant even when the established predictors were controlled.
Efficiency of Studying
The output from this regression is shown in Table  3 . Positive personality (high self-efficacy, selfesteem and optimism) and conscientiousness were associated with perceptions of greater efficiency of doing academic work. Mental fatigue had no significant effect.
Academic Stress
The output from this regression is shown in Table  4 .
Mental fatigue had no effect on academic stress which was predicted by stressors and conscientiousness.
Perceived Workload
The output from this regression is shown in Table  5 .
None of the variables predicted perceptions of workload.
Discussion
Previous research [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [18] [19] [20] [21] [22] [23] [24] [25] has investigated associations between fatigue, wellbeing and academic attainment. The major problem with these studies has been the lack of control of confounding factors. The present study was designed to control for established predictors of wellbeing and attainment. The results of the present study show that mental fatigue is associated with greater negative wellbeing. This is not too surprising as fatigue is often conceptualised as a negative outcome. The analyses showed that the association between fatigue and reduced wellbeing did not reflect established predictors such as stressors, personality or social support. These established predictors did have significant individual associations which suggests that the fatigue effects may also be robust.
Mental fatigue was also associated with poorer academic performance. This finding confirms results from the laboratory, operational settings and the workplace showing that fatigue can lead to performance impairments. Again, this effect of mental fatigue was independent of established predictors such as stressors and conscientiousness. The effects of fatigue on academic attainment were not due to differences in workload, academic stress or perceived efficiency. This suggests that students are not aware of the potential impact of fatigue and that further education about this topic is required. Further research is now required to determine what underlies the effects of mental fatigue. The literature suggests that sleep may be the key factor and it will be important to examine key sleep parameters such as amount, quality, daytime sleepiness and the behavioural outcomes of poor sleep (e.g. missing lectures).
LIMITATIONS
The cross-sectional design of the survey meant that it was difficult to assign causality. Longitudinal research, preferably involving interventions, is now warranted. The sample consisted of a homogenous cohort of students and future research must study a more heterogeneous group of students.
CONCLUSIONS
The research described here shows that mental fatigue is associated with negative wellbeing and reduced academic attainment. These effects were significant when confounding factors were controlled for in the analyses. Further research is now required to identify the mechanisms underlying these effects of fatigue.
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